The coupled phonon -surface-wave modes of a two-dimensional Wigner crystal resting on the surface of a liquid are studied. It is shown that, in experimentally accessible situations, the threshold for the formation of the macroscopic "dimple crystal"
I. INTRODUCTION 
II. EQUATIONS OF MOTION
Recent experiments supported by a quantitative theoretical interpretation' have demonstrated that electrons trapped above the surface of helium can form a two-dimensional signer crystal. In the theory, the detected modes are convincingly interpreted as coupled umklapp phonon-ripplon modes, i.e. , modes which couple electron-lattice vibrations and helium surface waves with wave numbers differing by vectors of the reciprocal lattice.
Recently, Wanner and Leiderer' also observed a "macroscopic" Wigner crystal, or "dimple crystal", in a system of ions at the interface of a 'He-He mixture, The results of this experiment had been predicted by Gor'kov and Chernikova" on the basis of a coupled plasmon -long-wavelength-ripplon soft mode, Wanner and Leiderer have suggested that in their experiment, the dimple crystal may coexist with the Wigner crystal.
In this paper we study the coupled electron-crystal -surface-wave system including both the long-wavelength and the umklapp ripplon-phonon modes. We show that the effect of the "self-induced" field, which is very important for the Gor'kov- 
Here q is confined to the first Brillouin zone, Equation (1) 
III. EIGENFREQUENCIES
In the long-wavelength limit, the dynamical matrix &u tt may be diagonalized (with an accuracy of order q/G) by taking one polarization vector along the direction of q and the other perpendicu'lar to it. ' To leading order in q/G these will remain the directions of the eigenvectors for the full system of coupled Eqs. (7) and (9).
Equations (7) and (9) (23) This ratio is small for any reasonable density n, since it is the ratio between a gravitational and an electrical force.
Ignoring the effect of the lattice, i.e. , the sum over G in Eq. (20), and using Eq. (22) Note that the "dimple crystal" can exist at lower densities if a clamping field q is used. If the direction of Sq is changed, the instability might occur at slightly higher densities. The increase however is limited by the presence of the self-field terms which cannot be "turned off". It is thus likely that in physical systems of interest, the condition q, /G « I will be satisfied, in which case, the main results of this paper should apply.
In summary, we have shown that the self-induced field has a negligible effect on the umklapp phononripplon modes and that the Gor'kov-Chernikova soft mode is negligibly influenced by the presence of the Wigner lattice. That conclusion depends mainly on the fact that the ratio of the soft-mode wave vector q, and a reciprocal-lattice vector 6 is small. 
